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PREPARATION OF HIGH PURITY
TETRARYDROCARBYLAMMONIUM
" TETRAHYDRIDOBORATES

CROSS REFERENCE TO RELATED
APPLICATION

This application is a continuation-in-part of U.S. ap-
plication Ser. No. 855,145, filed Nov. 28, 1977 now
abandoned.

FIELD OF THE INVENTION

This invention relates to a novel and improved
method for the preparation of high purity tetrahy-
drocarbylammonium tetrahydridoborates.

BACKGROUND OF THE INVENTION

It is known to prepare tetrahydrocarbylammonium
tetrahydridoborates by reaction of tetrahydrocarbylam-
momnium salts with an alkali metal borohydride, how-
ever, by such process yields are low and the product is
contaminated with the alkali metal salt by-products.

In order to improve yields and product quality, it has
been proposed to react a tetrahydrocarbylammonium
hydroxide with an alkali metal borohydride in an aque-
ous solution followed by drying the reaction mixture
and extracting the dry solid mix of products with ethyl
alcohol to remove the alkalh metal hydroxide formed.
Better yields are obtained with this approach but many
process steps have been added and the possibility for
hydrolysis of the borohydride radical exists.

Other known methods for the preparation of this

class of products involve the use of more expensive
materials such as LiAlH4 or MgB; or the use of more
complicated and thus, costly process methods.

It is an object of this invention to provide a simple
economic process for the preparation of tetrahydrocar-
bylammonium tetrahydridoborates in high purity or
good yields, with good product quality and with a mini-
mum of processing steps.

The tetrahydrocarbylammonium tetrahydridiborates
are a known class of compounds and are known to be
‘useful in a wide variety of chemical reactions as reduc-
ing agents such as for aldehydes and ketones to the
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chlorides to the corresponding alcohols, reduction of
primary and secondary amides to the corresponding
amines, reduction of organic disulfides to the corre-
sponding mercaptans, and reduction of anhydrides.
Generally, these materials may be used for the same
general class of reactions as known to be useful for the
well known alkah metal borohydrides including in addi-
tion to the above-mentioned reduction reactions, the
halogenation under solvolytic conditions of secondary
and tertiary alkyl halides which are capable of forming
stable carbonium ions to the corresponding hydrocar-
bons, demercuriation reactions, and a variety of other
organic and inorganic reactions. For some applications
a high purity product is required or desired.

SUMMARY OF THE INVENTION

It has been found that the object of the invention may
be achieved by carrying out the following steps under
anhydrous conditions: (a) reacting a tetrahydrocar-
bylammonium salt with at least an 89 molar excess of
an alkali metal hydroxide in the presence of ethanol to
produce the corresponding tetrahydrocarbylam-
monium hydroxide and alkali metal salt, (b) removing
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the alkali metal salt and (c) adding an alkali metal boro-

‘hydride to the solution to produce the corresponding
“tetrahydrocarbylammonium tetrahydndoborate and

alkali metal hydroxide.

DETAILED DESCRIPTION OF THE
INVENTION AND OF THE PREFERRED
EMBODIMENTS

The novel process of the invention may be used to
prepare tetrahydrocarbylammonium high purity tet-

rahydridoborates of the formula

R1R2R3R4NBH4

wherein R; Rz, R3 and R4 may be independently se-

lected from the group consisting of alkyl containing 1-6
carbon atoms. R; and R; may be straight chain or
branched chain radicals such as methyl, n-hexyl, t-
butyl, and isopropyl. The preferred carbon content for
the R; and R; groups is 1-2 carbon atoms and most
preferably 1 or methyl.

By high purity is intended to mean 97.5% pure or
higher. It is essential, in order to achieve a high purity
product, that all process steps be crried out under and-
hydrous conditions. The presence of water, even iIn
relatively small amounts has been found to deleteriously
affect the purity of the desired products. In order to
achieve the desired anhydrous environment for the
process of the invention, anhydrous (i.e. <1000 ppm
H>0 and, preferably <400 ppm H3O) reactants and
ethanol solvent should be employed and all equipment
should be dried before use such as by purging with an
inert gas such as nitrogen. Further, a dry atmosphere
should be maintained during all process operations such
as by maintaining an inert gas atmosphere, and the final
product should be stored under anhydrous conditions,
such as under a dry inert gas. Use of a dry inert gas
atmosphere during the process operations affords the
further advantage of preventlng formation of color
bodies.

According to the invention process, after establishing
the required anhydrous atmosphere, a tetrahydrocar-
bylammonium salt starting material of the formula

RiRRIRyN+X

wherein R, R, R3and R4 are as defined above and X—
is an anion from an inorganic salt, is reacted with at least

an 8% excess of an alkali metal hydroxide of the for-
mula -

MOH

wherein M 1s an alkali metal, in the presence of ethanol
as solvent for both reactants. The alkali metal hydrox-
ide and ethanol reagents are anhydrous or dried appro-
priately before use.

The alkali metal M may be any of the alkali metals
from Group IA of the Periodic Table such as Na, K, Li,
Rb and Cs, but is preferably Na or K, most preferably
Na.

The anion for the starting material is not critical. Any
anion which reacts with the alkali metal of the alkali
metal hydroxide is suitable. Illustrative suitable anions
include the halides such as the chlorides, bromides and
iodides and the sulfates. Preferably, the anion should be
one which forms an insoluble salt with the alkali metal
hydroxide in order to facilitate separation of the salt
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from the reaction mixture. Generally the chlorides,
sulfates and bromides form sufficiently insoluble salts to
satisfy this objective. The iodides as a class generally
form more soluble salts and would tend to remain in
solution, however, these salts, as is the case with other

soluble salts, may generally be extracted from the solu-

tion by ordinary chemical means.
Although a variety of inert organic solvents may be

employed which will permit the reactions of interest to

proceed; it is essential, in order to obtain high purity
product of the type described herein, to use ethanol as
the solvent. |

In the above-described reaction, the tetrahydrocar-
bylammonium salt starting material reacts with the
alkali metal hydroxide in ethanol to produce a solution
of the corresponding tetrahydrocarbylammonium hy-
droxide in ethanol and a salt formed by the alkali metal
hydroxide reactant with the anion of the starting mate-
rial salt.

The reaction may be conveniently carried out at
room temperature; however the reaction temperature is
not critical. Generally, elevated temperatures from
about 30° C. up to the boiling point of the reaction
mixture promote the reaction. The preferred tempera-
ture range is from 50° C.-80° C.

The molar ratio of the alkali metal hydroxide to the
starting material reactant is critical to obtain a high
purity product as described herein. At least an 8%
molar excess of the alkali metal hydroxide must be em-
ployed. Preferably, at least a 109 molar excess of the
alkali metal hydroxide is employed and still preferably,
at least a 20% excess is employed. When molar excesses

of alkali metal hydroxide of at least 8% but below about
15% are employed, extra vigorous extraction of the

salts from the final product, such as by multiple reslur-
rying in alcohol, may be required to achieve the desired
product purity. Molar excesses of the alkali metal hy-
droxide greater than about 33% will not deleteriously
affect the reaction but offer no economic advantage.

The tetrahydrocarbylammonium hydroxide product
of the above reaction is in solution with the ethanol
solvent with precipitated alkali metal salt or dissolved
alkali metal salt depending upon its solubility. At this
point the salt is removed by ordinary physical means,
such as by filtration or extraction. This reduces the
possibility of contamination of the final product with
the salt as would be the case if the sait were removed
from the final product.

Following the removal of the salt, the ethanol solu-

tion of the tetrahydrocarbylammonium hydroxide hav-
ing the formula

- RiR2R3R4NTOH—

wherein Ry, Rz, R3 and R4 are as defined above, is then
reacted with an alkali metal borohydride of the formula

M1BH4

wherein M; is an alkali metal as described for M in the
MOH reactant discussed above. Here again, K and Na
are preferred, most preferably Na.

The alkali metal borohydride reacts with the tetrahy-
drocarbylammonium hydroxide to produce a solution
of the corresponding tetrahydrocarbylammonium tet-
rahydndoborate and by-product alkali metal hydroxide
in ethanol.

Temperatures for the above reaction are not critical.
The reaction may be carried out at room temperatures,
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however, generally elevated temperatures from about
30° C. up to the boiling point of the reaction mixture
promote the reaction. The preferred temperature range
is from 50° C.-80° C. ' .

The molar ratio of the tetrahydrocarbylammonium

hydroxide to the alkali metal borohydride should be at
least stoichiometric, that is to at least 1:1 and preferably

should be in excess to insure complete reaction. An

excess of the tetrahydrocarbylammonium hydroxide
will not deleteriously affect the reaction but a substan-
tial excess will complicate purification.

The tetrahydrocarbylammonium tetrahydridoborate
final product is a solid and may be recovered by ordi-
nary filtration procedures and impurities may be re-
moved by standard extraction preeedures with organic
solvents.

EXAMPLE 1

Preparation of Tetramethylammonium
Tetrahydridoborate

164.4 Grams of 97 weight % tetramethylammonium
chloride (equal to 159.47 grams or 1.456 moles of 100%
product) were dissolved in 500 grams of anhydrous 2 B
alcohol (anhydrous ethanol containing up to 2 weight
% benzene) by heating to about 60°-65° C. with agita-
tion. 80 Grams of 97 minimum wt. % NaOH (equal to
77.6 grams or 1.94 moles of 100% product or a 33%
molar excess based on the tetramethylammonium chlo-
ride) were dissolved in 690 grams of anhydrous 2 B
alcohol by heating to about 65°-70° C. with agitation.
The hot sodium hydroxide solution was added to the
hot solution of tetramethylammonium chloride over a
period of about 15 minutes with agitation. A precipitate
of NaCl was formed. The reaction product was then
digested at about 60°-70° C. for a period of 1 hour and
then cooled to 0°-10° C. over a period of about 2 hours.
The resulting mixture was then filtered cold and the
filtered solid washed with cold anhydrous 2 B alcohol.
The filtrate and washes were then combined for the
next reactton sequence. 53 Grams of 98 weight % mini-
mum sodium borohydride (equal to 51.94 grams or
1.373 moles of 100% product) were added to the solu-
tion of tetramethylammonium hydroxide obtained in
the first reaction sequence over a period of 15 minutes at
20°-30° C. with vigorous stirring. A precipitate of tetra-
methylammonium tetrahydridoborate rapidly formed.
Agitation was continued for 30 minutes at 20°-30° C.
and then the temperature of the reaction mixture was
increased to 50°-60° C. and the reaction mass digested
for a period of 1 hour. The reaction mass was then
cooled to 10°-15° C. over a period of 1-2 hours and
filtered. The filter cake was washed with several por-
tions of anhydrous 2 B alcohol and then reslurried in
anhydrous 2 B alcohol in order to reduce traces of
contamination by chloride and sodium. The yield of
tetramethylammonium tetrahydridiborate was 85% and
the product assays over 98.5% activity and contains less
then 0.1% chloride ion and less than 0.2% sodium ion.

EXAMPLE 2

Preparation of Tetramethylammomum
Tetrahydridoborate

This example demonstrates the criticality of employ-
ing anhydrous conditions to obtain high purity product
according to the invention process.
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The process of Example 1 was repeated except that
93% ethanol (5 weight % water) was substituted for the
anhydrous ethanol of Example 1. The yield of tetra-
methylammonium tetrahydridoborate was 92.9% but
the purity was less than 90% (unacceptable).

EXAMPLES 3-6

These examples demonstrate the criticality of em-
ploying at least a minimum excess of the alkali metal

_Tetrahydmcarbylammnnium

Example Salt
"7 di-n-hexyl, dimethyl ammonium iodide
8 trimethyl, isopropyl ammonium sulfate
o trimethyl, cetyl ammonium bromide
10 trimethyl, cyclopentyl ammonium chloride

11 dimethyl, ethyl, vinyl ammonium chloride
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12 triethyl, 3,4-cyclopentenyl ammonium sulfate
13 trimethyl, phenyl ammonium iodide

14 methyl, ethyl, xylyl ammonium chloride

15 trimethyl, naphthyl ammonium chloride

hydroxide according to the invention process.

EXAMPLE 3

The process of Example 1 is repeated except that 0.2
mole tetramethylammonium chloride was dissolved in
69 grams of anhydrous 2 B alcohol, 0.21 mole of NaOH
(corresponding to a 5% molar excess) was dissolved in
75 grams of anhydrous 2 B alcohol and 0.189 mole of
sodium borohydride was added to the solution of tetra-
methylammonium hydroxide. The purity of the tetra-
methylammonium tetrahydridoborate product was
89.7% (unacceptable). |

EXAMPLE 4

The process of Example 1 is repeated except that 1.57
moles (62.8 grams as 100% product) of NaOH (corre-
sponding to an 8% molar excess) are dissolved in 545
grams of anhydrous 2 B alcohol. The purity of the tetra-

methylammonium tetrahydridoborate product is over
97.5%.

EXAMPLE §

The process of Example 1 is repeated except that
1.595 moles (63.8 grams as 100% product) of NaOH
(corresponding to a 10% molar excess) are dissolved in
350 grams of anhydrous 2 B alcohol. The purity of the

tetramethylammonium tetrahydridoborate product is
over 97.5%.

EXAMPLE 6

The process of Example 1 was repeated except that 8
moles (877 grams as 100% product) tetramethylammo-
nium chloride were dissolved in 2500 grams of anhy-
drous 2 B alcohol, 9.75 moles (390 grams as 100% prod-
uct) of NaOH (coresponding to a 22% molar excess)
were dissolved in 2800 grams of anhydrous 2 B alcohol
and 7.96 moles (301 grams as 100% product) of sodium
borohydride were added to the solution of tetramethyl-
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6
ammonium hydroxide. The purity of the tetramethyl-
ammonium tetrahydridoborate product was 98.6%.

EXAMPLES 7-15 .
The process of Example 1 is repeated excepting that
the reactants and products are varied as indicated in the
following Table. Similar results are obtained and that is

to say good yields of the products in high purity are
obtained. _ -

TABLE

Alkali Metal  Alkali Metal Tetrahydrocarbylammonium

Hydroxide  Borohydride Tetrahydridoborate
NaOH NaBH4 di-n-hexyl, dimethyl ammonium
tetrahydridoborate
KOH KBH4 trimethyl, 1sopropyl ammonium
tetrahydridoborate
LiOH LiBH4 trimethyl, cetyl ammonium
| tetrahydridoborate
RbOH RbBH4 trimethyl, cyclopentyl am-
monium tetrahydridoborate
CsOH CsBH4 dimethyl, ethyl, vinyl ammonium
teirahydridoborate
NaOH ‘NaBHj4 trialkyl, 3,4-cyclopentenyl
ammonium tetrahydridoborate
NaOH NaBH4 trimethyl, phenyl ammonium
tetrahydridoborate
KOH KBH4 methyl, ethyl, xylyl ammonium
tetrahydridoborate
LiOH LiBH4 trimethyl, naphthyl ammonium
tetrahydridoborate
We claim:

1. The process for preparing high purity tetrahy-
drocarbylammonium tetrahydridoborates of the for-
mula

Ri1R2R3R4NBH4

wherein Rj, Ry, R3 and R4 may be independently se-
lected from the group consisting of alkyl containing 1-6
carbon atoms, which comprises carrying out the follow-
ing steps under anhydrous conditions and at tempera-
tures from about 30° C. up to the boiling point of the

- reaction mixture:

(a) reacting a tetrahydrocarbylammonium salt start-
ing material of the formula

RIRHRR4NTX -

wherein R, Ra, R3 and R4 are as defined above and
wherein X— 1s an anion from an inorganic salt, with at

least 8% molar excess of an alkali metal hydroxide of
the formula

MOH

wherein M is an alkali metal, in the presencé of anhy-
drous ethanol to produce a tetrahydrocarbylammonium
hydroxide of the formula

RiIR2R3R4NTOH—

wherein R}, R3, R3and R4 are as defined above in solu-
tion with the ethanol, and the corresponding alkali
metal salt, |
(b) removing the alkali metal salt, and
(c) reacting the RiR;R3R4N+OH— organic solvent
solution with an alkali metal borohydride of the
formula

MBHj4
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-wherem M, is an alkalh metal. |

2. The process according to claim 1 in which at least
a 10% molar excess of the alkah metal hydroxide 1s
employed. :

3. The process accordmg to claim 1 in which at least

a 20% molar €XCcess of the alkah metal hydroxlde is
employed |

4. The process according to claim 1 in which X is
selected from the group consisting of halides and sul-
fates.

5. The process accordlng to claim 1 in which X“ is a
halide.

6. The process according to claim 1 in which Ry, Ra,
R3 and R4 are each methyl groups.
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7. The process according to claim 1 in which X~—
selected from a chloride and a bromide.
8. The process according to claim § in which Ry, R,

R3 and Ry are each methyl groups.

"9, The process accordlng to claim 8 in which M and
M| are each Na.- ’

10. The process accordlng to claim 9 in which X — is
chloride.

‘11, The process according to claim 10 in which at
least a 109% molar excess of the alkali metal hydroxide is
employed.

12. The process according to claim 11 in which at
least a 20% molar excess of the alkall metal hydroxide 1s

‘employed.

13. The process_ éccordmg to.claim 12 in which the

process is carried out under an inert gas atmosphere.
x % %k * K
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